This paper examines whether a general equilibrium asset pricing model can explain two important empirical regularities of asset returns, extensively documented in the literature: (i) returns can be predicted by a set of macro variables, and (ii) returns are very volatile. We derive a closed-form solution for the equilibrium asset pricing model that relates asset returns to output by using an approximate method proposed by Campbell (Am. Econ. Rev. 83 (1993) 487) and Restoy and Weil (W.P. NBER, No. 6611 (1998)). We obtain evidence on eight OECD economies using both quarterly and annual observations. Equilibrium models seem to fin fewer difficultie in explaining the volatility of returns than their predictability for general output processes. In the case of the US, the observed predictability and volatility of asset returns, for annual frequencies, are broadly compatible with the predictions of equilibrium models for a reasonable specificatio of preferences. 
Introduction
The empirical literature on f nancial markets has provided extensive evidence on two main regularities: (i) (excess) returns are predictable (in the sense that their conditional mean is not a constant) (Fama, 1981 (Fama, , 1990 Cozier and Rahman, 1988; Fama and French, 1988; Balvers et al., 1990; Barro, 1990; Bondt and Bange, 1991; Chen, 1991; Malliriaris and Urrutia, 1991; Bong-Soo, 1992; Marathe and Shawky, 1994; Gallinger, 1994; Hawawini and Keim, 1994; Peiró, 1996; Lee, 1996) and (ii) aggregate stock prices seems to be far more volatile than measures of expected future dividends (LeRoy and Porter, 1981; Shiller, 1981) . As it is well known, although both empirical regularities have been often used to challenge the market eff ciency paradigm, they do not necessarily contradict agents' rationality to the extent they are risk averse. Thus, Balvers et al. (1990) have shown that equilibrium stock returns in a log-utility representative agent framework will be predictable if output is predictable. Similarly, Grossman and Shiller (1981) , have shown that if a economy's representative agent is suff ciently risk averse, equilibrium stock prices could possibly be more volatile than future (constantly) discounted dividends. However, as pointed out by Campbell and Shiller (1988) , the predictability and the excess volatility of stock returns are not separate issues. Indeed, excess volatility of asset prices -with respect to the expected sum of future discounted dividends-directly implies some form of forecastability of future returns. An interesting issue is, then, whether fundamentals can simultaneously explain, in equilibrium, the observed volatility and forecastability of asset returns.
Despite its relevance, there have been so far very few attempts to study this question. One exception is Kandel and Stambaugh (1991) , who calibrate numerically the implications of an intertemporal asset pricing model with generalized isoelastic preferences (Epstein and Zin, 1989; Weil, 1989) on the autocorrelation and volatility of asset returns when consumption follows a simple univariate Markov process. One obstacle to address this issue in a more general setting, is the diff culty in obtaining closed-form solutions of equilibrium asset pricing models that could permit returns to be expressed explicitly in terms of economic variables when agents are risk-averse.
In this paper we use a simple framework to study the ability of equilibrium asset pricing models to explain the predictability and volatility of returns for a general specif cation of preferences and of the output process. The analysis makes use of the "approximation technology" developed in Campbell (1993) and Restoy and Weil (1998) to obtain approximate closed-form solutions that relate asset returns to output. The implications of the model are tested using data on eight industrialized countries.
The organization of the paper is as follows. In Section 2 we study whether macroeconomic variables can be used to predict stock returns in a sample of eight OECD economies and compare the volatility of returns with that of the variables usually considered as fundamentals of asset prices. Section 3 describes the model and its implications for the predictability and volatility of returns. Section 4 tests the implications of the model for all eight countries following a multivariate approach. Finally, Section 5 contains some concluding remarks. 165 R. Rodríguez et al. / Journal of International Money and Finance 21 (2002) [163] [164] [165] [166] [167] [168] [169] [170] [171] [172] [173] [174] [175] [176] [177] [178] [179] [180] [181] [182] 
Stylized facts
In this section we provide evidence on the predictability and volatility of stock returns for the US, the UK, Canada, France, Germany, Italy, Japan and Spain. We use quarterly and annual data on returns, dividend yields, output (industrial production) and three-month interest rates from 1970 to 1996.
Predictability of returns
We study the predictable time variation in stock returns by regressing real stock returns on the explanatory variables usually employed in the literature to document the predictability of returns. These variables are the one-period lagged stock return (r t ), the lagged dividend yield 1 (dy t ), the lagged growth rate of aggregate output 2 (y t ) and short-term interest rates (re t ). The latter variable is detrended by subtracting one-year moving average.
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The stock market indexes and the gross dividend yields were obtained from Morgan Stanley Capital International (MSCI). Short-term interest rates, output and CPI inf ation are taken from the OECD data base. The latter is used to convert nominal returns into real ones. Table 1 presents the results of the regressions. For each regression the table reports the estimated coeff cients, the adjusted coeff cient of determination, and the signifcance level for a Wald test of the hypothesis that all coeff cients are zero. Heteroskedasticity-consistent covariance matrices are used.
With quarterly data, there is some (weak) evidence of stock returns' predictability only in the cases of Italy, United Kingdom, and United States. 4 The forecasting power of each of the right hand side variables generally varies from country to country. In all cases, however, the model explains only a very limited part of the variability of returns.
When we use annual observations, the forecasting variables are jointly signif cant at reasonable levels of signif cance only for the US and the UK. In those two cases the forecasting power of the right hand side variables is, however, remarkable. The estimated model explains 16% of the variability of returns for the US and 27% for the UK. Thus, the forecastability of stock returns seems to increase with the time interval over which returns are measured. This result is consistent with those of Campbell and Shiller (1988) and Fama and French (1988) . The sign pattern for dividend yields and interest rates is stable across time measurement intervals, 166 R. Rodríguez et al. / Journal of International Money and Finance 21 (2002) [163] [164] [165] [166] [167] [168] [169] [170] [171] [172] [173] [174] [175] [176] [177] [178] [179] [180] [181] [182] Table 1 Predicting returns. The sample period is 1970-1996 except for United States annual data . r t+1 is the real stock return (MSCI, OECD although there are some shifts in the magnitude and statistical signif cance of the coeff cients. Therefore, we have found some empirical evidence on the ability of the dividend yield, the growth rate of output, the short-term interest rate and the lagged returns, to forecast stock returns. This forecasting ability is particularly high in the case of the UK and the US and for annual frequencies.
Excessive volatility in stock returns
Variances of the different variables considered are reported in Table 2 . This table shows that returns are much more volatile-in all countries-than any of the variables normally used to estimate the stock market fundamentals: interest rates, the dividend yield or output growth. The highest volatility of stock returns is found in Italy, Spain and the UK.
In the following sections we assess the ability of equilibrium asset pricing models to explain both stylized facts illustrated in this section; namely the predictability and (excess) volatility of stock returns. Rodríguez et al. / Journal of International Money and Finance 21 (2002) [163] [164] [165] [166] [167] [168] [169] [170] [171] [172] [173] [174] [175] [176] [177] [178] [179] [180] [181] [182] 3. The model
The economy
This section presents a general equilibrium discrete-time model relating asset prices to real macroeconomic variables. The economy is similar, except for the agent's preferences, to Lucas (1978) and Mehra and Prescott (1985) . Preferences are of a generalized isoelastic form (GIP) as proposed by Epstein and Zin (1989) and Weil (1989) .
Take one perishable consumption good, a fruit, which is produced by non-reproducible identical trees whose number is normalized, without loss of generality, to be equal to the size of the constant population. Let Y t denote the number of fruits falling from a tree at time t. Y tϩ1 then follows the process
where the growth rate of output y tϩ1 , is a Markovian random variable. The economy is inhabited by many identical inf nitely-lived consumers. Let P t , N t and C t denote, respectively, the fruit price, the number of trees (shares) and consumption of a representative agent (at period t). The one-period budget constraint faced by the representative consumer is
with N 0 Ͼ0. Let R t ϩ 1 ϭ P t ϩ 1 ϩ Y t ϩ 1 P t be the one-period real rate of return on the tree (the wealth portfolio), and W t ϭ (P t ϩ Y t )N t the wealth that the agent possesses at time t. The budget constraint (2) can be rewritten as
The identical consumers have generalized isoelastic preferences with constant elasticity of intertemporal substitution ͩ 1 r ͪ and constant coeff cient of relative risk aversion (g).
5
Epstein and Zin (1989) have shown that for any asset j with gross rate of return R j,t ϩ 1 between dates t and t+1 the following Euler equation must be satisf ed:
169 R. Rodríguez et al. / Journal of International Money and Finance 21 (2002) [163] [164] [165] [166] [167] [168] [169] [170] [171] [172] [173] [174] [175] [176] [177] [178] [179] [180] [181] [182] where q is equal to 1 Ϫ g 1 Ϫ r , the operator E t denotes mathematical expectation conditional on information available at t, and b is the time-preference parameter. Naturally, equilibrium in this endowment economy implies C t ϭ Y t . To make the link between output and the rate of return on wealth explicit, one must go beyond the Euler equation and use the information provided by the budget constraint. This objective requires that we circumvent the diff culty that budget constraints are multiplicative in consumption (output) and the rate of return on wealth.
Linear approximation to the equilibrium solution
Campbell (1993) and Restoy and Weil (1998) have derived a method of obtaining approximate closed-form solutions to the problem above. That solution is useful to us as it allows the predictability and volatility of asset returns to be related to those of their underlying (real) fundamentals.
Following Restoy and Weil (1998) the non-linear budget constraint can be approximated by this log-linear expression
where y t+1 denotes the growth rate of aggregate output, a t is the log of the consumption wealth ratio and k and d (0ϽdϽ1) are two linearization constants.
In the case where output growth is conditionally homoskedastic, Restoy and Weil (1998) demonstrate that the rate of return of the market portfolio in equilibrium can be approximately written as
where S t ϩ 1 is the innovation operator (i.e. S t ϩ 1 x t ϩ 1 ϭ E t ϩ 1 x t ϩ 1 ϪE t x t ϩ 1 ). Expression (6) makes it clear that both the f rst and second-order moments of aggregate returns depend mainly on the elasticity of intertemporal substitution. The coeff cient of relative risk aversion does not directly appear in the expression above although it is embedded in the discount factor, d.
As shown by Weil (1989) the equity premium in this model depends mainly on the coeff cient of relative risk aversion. Therefore, we can be sure that choosing r to match the predictability and volatility of returns does not affect the extent to which the model is able to solve the equity premium puzzle. 6 170 R. Rodríguez et al. / Journal of International Money and Finance 21 (2002) [163] [164] [165] [166] [167] [168] [169] [170] [171] [172] [173] [174] [175] [176] [177] [178] [179] [180] [181] [182] 
Predictability of returns and output
Eq. (6) specif es that the log stock return in period t+1 is a weighted combination (with weights r and (1Ϫr)) of the current growth rate of aggregate output in that period and changes in the expected growth rate of output produced between t and t+1. Furthermore, the parameter that governs the output-returns (or consumptionreturns) relationship is the elasticity of intertemporal substitution. The coeff cient of relative risk aversion (g) affects only the constant term (m) in Eq. (6) and the discount term (d).
Taking conditional expectations of both sides in (6) we f nd that:
Therefore, the model implies that returns will be predictable to the extent the output is predictable, and by the same variables that help to predict output, if any. In our output-returns relationship, two special cases are worth noting:
ț If r=1, Eqs. (6) and (7) become
Those expressions are equivalent to those obtained by Balvers et al. (1990) using logarithmic expected-utility preferences. ț If r 1, the right hand side of Eq. (6) takes different expressions according to the process followed by the growth rate of aggregate output. For example, we can derive returns when output growth follows a general stationary ARIMA process (see Appendix A) by making use of its MA representation. Then, if y t+1 follows an AR(1) process
Eq. (6) becomes
and
Then, if output follows an AR(1) process, it is legitimate to use one-period lagged output to predict returns. This is the approach taken in Marathe and Shawky (1994) . 7 Since the conditional expectations operator satisf es E j E k =E min(j,k) it follows that for mՆ1, Rodríguez et al. / Journal of International Money and Finance 21 (2002) [163] [164] [165] [166] [167] [168] [169] [170] [171] [172] [173] [174] [175] [176] [177] [178] [179] [180] [181] [182] Therefore, the proposed approach permits the predictability of stock returns to be related to predictability of output for a general specif cation of preferences and of the process followed by output.
General volatility bound
Subtracting (7) from (6) the model implies that innovations in returns are related to innovations in output by the expression:
Therefore, the volatility of stock returns should be completely explained by the volatility of realized and expected output. In principle, that relationship depends on the conditional distribution of output. However, we can f nd an upper bound for the variance of S t ϩ 1 r t ϩ 1 for a given variance of y t ϩ 1 .
We can write y t ϩ 1 as its unconditional expectation plus the sum of its past innovations:
Since y t ϩ 1 is stationary, it holds that var(S t ϩ 1Ϫj y t ϩ 1 ) ϭ var(S t ϩ 1 y t ϩ 1 ϩ j ) ϭ s 2 j independent of t.
9 Therefore, since innovations are serially uncorrelated, we know from (14) that the variance of the sum is the sum of variances:
In expression (13) all innovations are realized at the same moment in time. So, we cannot state that the variance of the sum is the sum of the variances since contemporaneous innovations may be correlated. In fact, for a given s 2 0 ,s 2 1 …, the maximum variance of the summation term in (14) occurs when the elements in the sum are perfectly positively correlated. This means then that S t ϩ 1 y t ϩ 1 ϩ j ϭ s j s 0 S t ϩ 1 y t ϩ 1 .
Substituting this into (14) implies ŷ t ϩ 1 ϭ ϱ j ϭ 0 s j s 0 e t ϩ 1 Ϫ j where hat denotes a variable 8 If we regard E(y) as E Ϫϱ , then this expression is simply a tautology. It tells us, though, that y t+1 are just different linear combinations of the same innovations in output that enter into the linear combination in (13) that determine S t+1 r t+1 . We can thus ask how large var(S t+1 r t+1 ) should be for a given var(y t+1 ). 9 We introduce the assumption that y t is jointly stationary with information, which means that the unconditional covariance between y t and z tϪk , where z t is any information variable (which might be y t itself), depends only on k, and not on t. It follows that we can write expressions like var(S t+1 y t+1+j ) without a time subscript. (For a more complete explanation see Shiller (1991) .) minus its mean ŷ t ϩ 1 ϭ y t ϩ 1 ϪE(y) and e t ϩ 1 ϭ S t ϩ 1 y t ϩ 1 . Thus, if var(S t ϩ 1 r t ϩ 1 ) is to be maximized for a given s 2 0 ,s 2 1 ,…, the output process must be a moving average process in terms of its own innovations.
We can now f nd the maximum possible variance for S t ϩ 1 r t ϩ 1 for a given variance of y t ϩ 1 . Since the innovations in (13) are perfectly positively correlated it holds that
If we maximize this expression subject to the constraint var(y t ϩ 1 ) ϭ ϱ j ϭ 0 s 2 j with respect to s 0 ,s 1 ,…, we obtain the maximum variance of returns by using the expression
which constitutes an upper volatility bound of stock returns. Therefore, for any stationary output process it holds that
This implication of the model will be empirically explored in Section 4.
Empirical analysis
Before addressing the empirical exercise it is important to notice the problems in linking theory to data. The model describes an economy with the following characteristics: no trade, complete markets, no corporate sector, no technological change, no investment in capital, no money and no government sector. The data come from a world with open economies, incomplete markets, corporate sectors, important technological change, investments in capital, money and government sectors. Therefore, we should not attempt to explain all features of the data with such a stylized model. We will rather focus on the extent to which two important stylized facts (predictability, volatility) are compatible with standard equilibrium asset pricing models.
In order to test the ability of the model to explain the predictability and volatility of asset returns we proceed as follows. We f rst study if the evidence on predictability of asset returns is consistent with Eq. (7). Second, we check if the volatility of asset returns is consistent with that predicted by the model and the volatility bound obtained in Section 3. We then test if the model is able to match both the predictability and volatility of asset returns for an economically meaningful specif cation of preferences. Before we proceed to address those issues directly we need to specify an empirical model that allows the estimation of the conditional mean and variance of the relevant variables. Rather than rely on a specif c theoretical model, we assume that expectations are generated by a vector autoregression (VAR).
A model for output and returns
We will def ne a vector z with four elements, the f rst of which is the real stock return. The second element in the vector is the growth rate of output. The remaining elements are the dividend yield and the (detrended) short-term interest rate. We then assume that the vector z t+1 follows a f rst-order VAR: 10 z t+1 ϭ a ϩ Az t ϩ w t+1 .
Next, we def ne a four-element vector i1, whose f rst element is 1 and whose other elements are all 0. This vector picks out the real stock return r t ϩ 1 from the vector z t ϩ 1 :r t ϩ 1 ϭ i1Јz t ϩ 1 and S t ϩ 1 r t ϩ 1 ϭ i1Јw t ϩ 1 . We also def ne a second vector i2 whose second element is 1 and the rest are all 0 to obtain S t ϩ 1 y t ϩ 1 ϭ i2Јw t ϩ 1 . As the f rst-order VAR generates a simple multi-period forecast of future growth rates of aggregate output, we can obtain:
Since for annual frequencies we have a small number of observations for countries other than the US, we have jointly estimated only the equations corresponding to output and returns in those cases. Equations corresponding to dividend yields and short-term interest rates have been individually estimated. In the rest of the cases (all quarterly estimations and the annual estimation for the US) the whole fourequation VAR has been estimated jointly. Tables 3 and 4 report the matrix of estimated f rst-order VAR coeff cients and the values of r for quarterly and annual data. Standard errors are computed from a heteroskedastic-consistent matrix. Signif cance at the 5% level is denoted by * and at 15% level by * * . The last two columns of the table report the adjusted coeff cient of determination R 2 and the joint signif cance level of the VAR forecasting variables. Notice that Eq. (6) can be seen as a restricted version of the f rst equation of the VAR model. All f ve coeff cients in this equation will be determined by the structural parameters m and r and the VAR coeff cients in the rest of the equations. Similarly, the estimated parameters of the restricted VAR model together with Eq. (19) permit an estimate of the volatility of (model-consistent) returns to be obtained. 10 The assumption that the VAR is f rst-order is not restrictive, since a higher-order VAR can always be expressed as a f rst-order form in the manner discussed by Campbell and Shiller (1989) . However, when we use the values of the Schwarz (1978) criteria for the choice of the lag length in the VAR, the minimized value of the criterion is always associated with the f rst-order system in the quarterly cases. In the annual case there are not suff cient degrees of freedom for the estimation of a higher-order VAR. Rodríguez et al. / Journal of International Money and Finance 21 (2002) [163] [164] [165] [166] [167] [168] [169] [170] [171] [172] [173] [174] [175] [176] [177] [178] [179] [180] [181] [182] 
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Predictability
In order to test the extent to which the model is consistent with the observed predictability of asset returns we analyze four implications of the model in Section 3. First we observe whether in those cases in which returns are predictable output is also predictable by the same variables. Second, we test whether in those cases in which returns are not predictable, output is not predictable either. Finally, we study if the restricted VAR model is consistent with the data and whether the estimate of r arising from the estimation of the restricted VAR model is reasonable in economic terms.
As far as the f rst implication of the model is concerned, we saw in Section 2 that returns are only clearly predictable by lagged returns, dividend yields, output and short-term interest rates in the US and the UK and for annual frequencies. Tables 3 and 4 conf rm that result. Therefore, output can be predicted by the proposed set of variables in the US and the UK for both frequencies in agreement with the model.
The second implication we test is whether output is not predictable in those cases in which returns are not predictable. According to Tables 3 and 4 this implication fails in roughly half of the cases.
Finally, we check whether the restrictions on the VAR model implied by Eq. (7) are empirically plausible. According to the c 2 -test reported in Tables 3 and 4 , the restrictions of the model are almost never rejected. A different picture emerges if one focuses on the estimated values of the inverse of the elasticity of intertemporal substitution (r). Notably, when we use quarterly data we only f nd signif cant estimates of this parameter for Italy. When we employ annual data, instead, the results are more promising and estimates of r are positive and signif cant for the US, France, Japan and Spain. We should bear in mind that, except in the case of US, the number of annual observations is relatively small. Table 5 Volatility test. This table reports the values of r that satisfy the volatility restrictions of the model. The f rst column shows the minimum values of the parameter satisfying the volatility bound for a general output process. The second one presents the values of the parameter making volatility of model generated returns equal to the volatility of actual returns for the output process implicit in the VAR model Overall, the evidence presented suggests that the model is not generally successful in explaining the conditional mean of stock returns in the countries considered. However, the model is able to provide, at least, an empirically plausible explanation in those cases in which the predictability of returns is more signif cant: the US and UK-for annual frequencies.
Volatility
In order to test whether the volatility of asset returns is consistent with that predicted by the model, we proceed as follows. First, we obtain the minimum values of the inverse of elasticity of intertemporal substitution that satisfy the general volatility bound of Eq. (18). Second, using the parameters of the VAR-model and Eqs. (6) and (19) we obtain the values of r that make volatility of the model-generated returns equal to the volatility of observed returns. For both exercises we use a value of d equal to 0.95. Results are not sensitive to variations in d within a plausible range. Table 5 reports the results of both volatility tests.
In the f rst exercise, we f nd that the volatility bound is satisf ed in all cases and frequencies for values of r between 2 and 3. These results do not contradict the standard excess-volatility literature. Thus, Shiller (1981) and LeRoy and Porter (1981) derive volatility bounds which are only valid under constant discount factors (i.e. g ϭ r ϭ 0). West (1988) using a model with time varying expected returns, determined by the consumption-based asset-pricing model, obtain a volatility bound which is only robust to values of the coeff cient of relative risk aversion below one (i.e. g ϭ rՅ1).
11 According to our results, it is not surprising that all three articles f nd evidence that implies rejection of the derived volatility conditions, since, within the consumption-based asset-pricing setup, a high value for r would be needed for the volatility bound to be suff ciently large. In fact, Grossman and Shiller (1981) were able to match actual and perfect foresight stock price volatilities,within the consumption-based asset-pricing model, for values of the coeff cient of relative risk aversion above four (i.e. g ϭ r Ͼ 4).
Indeed, we have actually found, in our second exercise, that the parameter r (which would coincide with the relative risk aversion parameter in a standard consumption-based asset-pricing model) should be even larger, between 3 and 13, for the volatility of model-derived returns to be similar to that of observed returns. Although, the identif cation of a set of admissible values for the coeff cient of relative risk aversion is diff cult task, it seems hard to justify values as large as the ones required to satisfy the volatility conditions above. However, in our GIP framework, in which the coeff cient of relative risk aversion (g) is independent of the elasticity 178 R. Rodríguez et al. / Journal of International Money and Finance 21 (2002) [163] [164] [165] [166] [167] [168] [169] [170] [171] [172] [173] [174] [175] [176] [177] [178] [179] [180] [181] [182] of intertemporal substitution ͩ 1 r ͪ , the coeff cient that governs the value of the modelderived volatility is unambiguously the inverse of the elasticity of intertemporal substitution. To the extent that, unlike in the case of risk aversion, a high aversion to intertemporal substitution of consumption is not necessarily unreasonable (see Weil, 1989) , the generalization of preferences proposed by Epstein and Zin (1989) and Weil (1989) help explaining the so-called stock market volatility puzzle.
Joint test of predictability and volatility
The empirical exercises we have performed so far yield mixed results on the ability of a relatively standard equilibrium asset pricing model to explain the predictability and volatility of asset returns. In general the model has failed to explain satisfactorily the predictability of asset returns from that of real economic activity in most cases. However, the volatility of asset returns does not seem so big as to be explained by the fundamentals of asset prices. Moreover, using annual data for the US and UK, both the observed predictability and volatility of asset returns can be independently explained by the model for reasonable values of the preference parameters. A logical further step is to analyze the extent to which the model is able to simultaneously explain both features of the data for a single specif cation of preferences.
In this section we report the results of conducting a joint GMM estimation of the conditional mean and the unconditional variance of asset returns as a function of the model parameters m and r. For the conditional mean we use Eq. (7) for which expected output is taken from the estimated VAR model. For the unconditional variance of returns we use Eq. (6) and the innovations of output obtained from the VAR model. We thus obtain three moment equations to estimate two parameters. The f rst two equations correspond to the standard OLS moment equations where the dependent variable is the observed returns and the regressors are a constant and the expected output. The third moment equation refers to the difference between the observed volatility of returns and the one predicted by the model according to Eq. (6). We then have one overidentifying restriction that will be used to test (through a c 2 statistic) the ability of the model to match both the predictability and volatility of returns.
Results are reported in Table 6 . Not surprisingly, the model fails to properly f t both moments of data when quarterly observations are used. Results are less negative when annual observations are employed. In this case, we f nd positive and signif cant estimates of the inverse of the elasticity of intertemporal substitution and values of the c 2 tests that do not generally reject the null. It should be stressed, again, that results with annual data on countries other than the US should be viewed with great caution as they are obtained with few observations. Results on the US are probably more informative as they are obtained with much more degrees of freedom. In the US case, the overidentifying restrictions of the model are not rejected at a 1% signif cance interval, although more demanding criteria would imply a rejection of the null. The point estimate of r (4.1) is close to that required by the model to match the volatility of returns, and slightly above the one which would match the conditional mean of returns. On the whole, at least in the case of the US and for annual data, results are relatively supportive of the ability of the equilibrium model studied to replicate the observed predictability and volatility of asset returns.
Since we are using a linear approximation to equilibrium conditions, any rejection of the model could always be attributed to the higher order terms not considered in the empirical test. Nevertheless, this is unlikely as conditional higher order moments of output, which would form the higher order terms in a more accurate approximation, typically show low variability and covariability with the variables that help predicting returns. 
Conclusions
In this paper we have studied the ability of relatively standard equilibrium asset pricing models to explain two important empirical regularities of asset returns inten-180 R. Rodríguez et al. / Journal of International Money and Finance 21 (2002) [163] [164] [165] [166] [167] [168] [169] [170] [171] [172] [173] [174] [175] [176] [177] [178] [179] [180] [181] [182] sively documented in the literature: (i) returns can be predicted by a set of macroeconomic variables; and (ii) returns are very volatile. These empirical regularities are relevant because they have been often used to reject market eff ciency.
We use the approximation technology for the solution of intertemporal asset pricing models recently developed by Campbell (1993) in the form suggested by Restoy and Weil (1998) . Such approach permits asset returns to be explicitly expressed in terms of real economic variables. This makes it possible to test whether observed and model-generated moments of returns are suff ciently close, by using simple statistical procedures. The approximation technology shows how moments of aggregate returns, unlike those of excess returns, depend mainly on the elasticity of intertemporal substitution and not on agents' risk aversion. This is important, because we can analyze the extent to which the model f ts the mean and variance of aggregate returns without considering any implication for the equity premium.
Using data form eight OECD economies (quarterly and annual observations) we have found that it is generally easier to explain the volatility of returns than their predictability. Thus, we have shown that for reasonable values of the elasticity of intertemporal substitution, the observed volatility of asset returns can be replicated by that of their real fundamentals according to standard intertemporal asset pricing models. This occurs for all eight countries using both quarterly and annual data.
It is much more diff cult to justify the predictability of asset returns as an implication of equilibrium asset pricing models in most countries. The model is often unable to explain why returns are predictable in those cases in which they are and why they are not predictable in those cases in which they cannot be predicted by standard macro-variables.
Results are more positive for the model in the case of the US when annual data are used. In this case, the observed predictability and volatility of asset returns seems to be broadly compatible with the predictions of equilibrium models for a reasonable specif cation of preferences. This positive result, in the case of the US, as compared with those of other countries is not surprising. The assumptions of the model seem to f t better to relatively closed economies with large stock markets. In our sample, only the US economy is close to satisfying those assumptions. Moreover, it seems reasonable that equilibrium models behave better when applied to low-frequency data than when they are used to explain short-run movements, if one believes that possible deviations from fundamentals are somewhat transitory.
Appendix A
Consider that y t ϩ 1 follows a stationary ARIMA process
, where ⌽(L) and ⍜(L) are polynomials in the lag operator L and e t ϩ 1 is a whitenoise (serially uncorrelated and homoskedastic) process. If the process is stationary, the roots of the polynomial ⌽(L) must lie outside the unit circle. The same condition on ⍜(L) guarantees that the moving average is invertible, so that it can be expressed 181 R. Rodríguez et al. / Journal of International Money and Finance 21 (2002) [163] [164] [165] [166] [167] [168] [169] [170] [171] [172] [173] [174] [175] [176] [177] [178] [179] [180] [181] [182] in autoregressive form. For example, if we assume that y t ϩ 1 follows an MA(1) process with parameter q, then, y t+1 ϭ (1ϪqL)e . It is straightforward to extend this calculation to any moving average process, including the inf nite order case. This is of particular importance since, by the Wold theorem, it can be used to represent a general stationary time series.
Hence, if the production process is . This formula gives us a simple rule for evaluating returns from the moving average representation of the output process: simply discount the moving average parameters, and add them up.
